INTRODUCTION
In recent years several attempts have been made to construct theoretical models for aspects of the visual perception process. Some of them depend on statistical reasoning; it is assumed that it is possible for the perceiver to split input data into random and determined components, or, what amounts to the same thing, to detect the parameters which specify a stochastic process. An example of this kind of model is Rosenblatt's "Perceptron." (1958.) Statistical separability in this sense is the subject of the experiments described in the present report. They deal with separability on the "macro" level. The consideration that they may have some bearing on separability processes in neural networks is not precluded, but this side of the matter is not our present concern. We shall investigate how far the human observer is able to keep random and determined components apart in stimulus material.
The idea behind the theory of separability is clear enough. If the input rate exceeds the channel capacity, then the organism is forced to reject data and it would be an efficient procedure to disregard random components in favour of more stable and enduring characteristics of environmental events. Even below the channel capacity perceptual load would be reduced and efficiency increased if it were possible for the organism to extract the constant components in a given mixture of determined and stochastic events. Such a procedure would minimize the "surprise" value of the stimuli and this is identical with minimizing perceptual load.
In order to follow the argument it may be helpful if the reader visualizes the kind of stimulus material we are considering and which was used in the experiments to be described. Suppose dot patterns are given in a rapid succession of presentations, as could be achieved by using cine-film. A particular pattern, say a square of four dots, could be presented and it could then be "disturbed" by added noise. The location of each corner of the square might for instance be specified by a bivariate normal distribution. The mean of this distribution would coincide with the correct position of
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the corner of the square, but in any particular presentation the dot would depart somewhat from this exact position, to an extent dependent on the variance of the distribution. Thus a succession of patterns looking like distorted squares would be presented.
Are subjects able to recognize the square in such a sequence of distorted presentations? If they succeeded, the surprise value of the later stimuli in the sequence would be minimized. Perception would then show efficient coding in the sense used by Attneave (1954) . Instead of perceiving a whole series of different patterns the subject would see a steady pattern as a first component, and the second component would be seen as a "quivering" of the first. This kind of perceptual task is found in many real cases, for instance in radars, where the operator has to identify the track of the moving object from a succession of signals on the screen. Here some noise is practically always to be expected; noise resulting from the working of the apparatus itself, or from the fact that the scanning beam picks up an echo from different parts of the object in successive rotations. An object moving along a straight line appears on the screen as a zigzagging of discrete dots.
There are a number of problems to be solved in dealing with this kind of stimulus material.
(I) The first problem is the difficulty of defining the subject's response. People appear to perceive this sort of stimulus material in a variety of ways, and if they are left to describe freely "what they see," such descriptions are so divergent that they cannot be used to measure or test anything. There are two possible solutions, to have subjects learn a particular kind of response or to restrict the range of free responses. In the first case one attempts to have the subject attend to a particular aspect of the stimulus material, in the second kind one forces him to produce a particular kind of response. In both procedures the original "richness" of perception will be to some extent hidden from the experimenter. Careful questioning could, of course, reveal anything we might be interested in but it is felt that in the present experiments the difficulty of response specification is far from being resolved.
(2) The second problem concerns the nature of the coding system used by the subject. It is clear that our perception of a rapid sequence of random patterns can only be in rather global terms. The sequence of stimuli is certainly not wholly reproducible and it follows that ones which are actually different in all their details, might appear very similar to the subject. This indicates that the subject is performing some kind of coding: sequences which are seen as similar, or where the subject cannot specify the difference or where he perceives them as instances of the same general prototype, are coded in the same way. What is the most effective form of coding, and what is it the subject picks out of this kind of stimulus material?
(3) The third problem is the one mentioned above: are subjects able to separate stochastic and fixed components? Are they able to recognize the parameters behind the stochastic production of patterns?
THE EXPERIMENTS A number of preliminary experiments showed that subjects have extreme difficulty in detecting characteristics of stimulus sequences when these characteristics are masked by noise, in the sense described above. Speaking in statistical terms one may say that human perceivers are extremely prone to type I1 errors: they maintain the nullhypothesis even if there is abundant evidence against it according to statistical criteria. This negative result was partly responsible for the design of the following main experiments. I t was decided to use a recognition method, in order to give the subjects the best chance of revealing any capacities they might have after all-and second, Osgood'ssemantic
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scaling technique was chosen for the same reason, and also to gather some hints as to which categories might be effective in perception.
MATERIAL
The experimental material consisted of 41 film strips each with 40 opaque frames.
Each frame contained one hole, located somewhere in an 18 x 18 matrix. (The holes were made in the film by punching through selected holes in a metal template.) The strips were The IZ patterns used in the semantic rating and the pattern-recognition experiments. Pattern 3 was the Brownian variant of 10 ("Brownian dance"), pattern 4 was the Brownian variant of 12 (" Brownian movement ") and 14 was the bivariate rectangular density distribution.
shown by means of a slowed-down cine projector a t a rate chosen to facilitate the appearance of stroboscopic movement. The white spot projected on to a go x go cm. screen thus moved to a series of positions describing a chosen pattern, such its a square, horizontal straight line, or circle.
Fourteen patterns were used of which IZ are shown in Figure I , the numbers a t each position indicating the order of presentation. The patterns were given arbitrary names, as shown above.
The patterns could be shown either in pure or noisy form. Noise was introduced by displacing each dot a random distance from its proper position in the matrix. Horizontal and vertical displacements were random normal deviates with zero mean and variance
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1.64 (Level I) or 3-03 (Level 2) matrix units. The effect of the ''noise'' was that the patterns shown in Figure I appeared on the screen either less or more distorted.
The use of IZ patterns a t three noise levels (zero, I and 2) accounts for 36 strips. Noise can also be added in a different way, by locating the mean of the bivariate distribution at the last position of the dot instead of a t a fixed position. This procedure was applied to patterns 12 and 10, resulting in a kind of Brownian motion of a single dot, and in a Brownian dance of two dots respectively. The previous two levels of variance were used, giving 4 strips. The series of 41 was completed by presenting a single dot located at random in bivariate rectangular distribution.
A third experimental variable was rate of presentation; fast or slow, corresponding to z and I presentations per sec. respectively. To economise in time rate was not varied for all the patterns. The final arrangement is shown in Table I , the numbers in the cells referring to the order of presentation of the 41 series in the recognition experiment. 
Procedure
Subjects were given a list of 19 semantic scales of the Osgood type, each with 7 positions-They are given in Table 11 , except for Scale IZ (centrifugal-centripetal) which was dis. carded for lack of discrimination.
The subjects were 31 psychology undergraduates in the University of Leiden. They were divided into two groups and each group had to rate the films on 10 scales (Scale 3 was made common to both in order to have some check on inter-group reliability; a correlation of r = 0.94 was obtained).
Results
The ratings were factor-analysed by the centroid method and the results are given in Table 11 . The factors were rotated to new orthogonal positions according to a cluster inspection (no simple structure was evident, and it is not theoretically expected since the scales are not supposed to represent an unbiased sample from the universe of categories). The loadings on the rotated factors are also given in Table 11 . The factors may be tentatively labelled on the basis of the loadings as follows:factor I-(heavy, slow, dull, passive)-"rate" ; factor 11-(determined, even, symmetrical, stable)-"regularity"; factor 111-(closed, beautiful, round)-"gestalt." Inspection of the strips of patterns with high or low factor scores revealed that factor I discriminates between the slow films and the fast ones with no overlap and it thus appears to have a clear denotative meaning.
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Factor I1 appears to distinguish between noiseless and noisy patterns. Table I11 gives factor score estimates. The noiseless patterns scored significantly higher than the noisy ones (p < 0.01) and the patterns with low-level noise scored higher than those with high-level noise (p < 0.05). Therefore factor I1 also has a clear denotation.
Factor I11 has some connection with noise but not at a significant Ievel. The scales which are highly loaded on this factor apparently refer to characteristics of the patterns themselves, and it is found that the patterns with high estimates in factor I11 are more "complex" and have more "spread"; they include spots at more widely spaced positions in the matrix-as against ones at only a few or more closely spaced positions. PATTERN 
RECOGNITION-EXPERIMENT I1
Procedure
The strips were shown in the same way as in the previous experiment, but the rate was kept constant a t two presentations per second. Subjects were instructed to identify each pattern from 15 alternatives, which were presented as in Figure I (unnumbered) together with the Brownian motion, dance, and rectangular random motion. Care was taken to explain the meaning of the pictures, and the nature of "disturbance by noise." That subjects understood the instructions and used the pictures properly, was apparent from
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197 the fact that they recognized the noiseless patterns correctly with two exceptions to be explained later. (French (1954) used an interesting technique to overcome the difficulty of instructions.) Subjects were allowed to choose more than one pattern if they felt that they could not decide among them. The number of responses per strip was therefore not constant.
The 24 undergraduates appeared to enjoy the task, in striking contrast t o the impression gained in the semantic rating experiment. They were tested in two group sessions, the order of presentation being balanced by reversing the order given in Table I for the second group. Results a measure of stimulus "confusion"-where cpq is the "confusion" between stimuli p and q, and fi, is the frequency of choice of alternative i when stimulus p was presented. The measure can be visualized as follows. A response distribution can be represented as a point in a 15-dimensional space, the coordinate in each dimension representing the frequency of choice of one response alternative, and cpq represents the cosine of the angle between the vectors for stimuli p and q in response space. It is a kind of correlation measure, and the matrix of confusion values may suggest the presence of "factors" in response space.
The measure is not statistically sound, since the sampling distribution is unknown. However, chi-square applied to cell frequencies would fail since the cell entries are often very small and the exact probability approach would have been too timeconsuming. Apart from the unknown sampling distribution, the measure disregards
The raw results (given in Table IV) Table V ). six), g (square eight), 10 (vertical), 12 (point) are vulnerable. The explanation is simple: in the noiseproof patterns the average distance travelled by the dot between successive frames is high (8-7, 9.0, 9.0, 10.7 units, respectively) , whereas in the vulnerable patterns it is small (2.75, 2.0, 2.0, 4-5, 6.0, and 0.0) . Two patterns, 2 (bouncer) and 7 (circle), resist a low level of noise, but are vulnerable to a high level; the mean intrapattern distance here is 5.3 and 4-1 units. Figure 2 shows this result graphically.
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On inspection the confusion matrices reveal the presence of several clusters, (I) patterns, I, 3, 4, 5, 8 and 12; (2) patterns, z , 3 and 10; and (3) 7, 9, 11, 13, 14 and 15; (4) pattern 6 appears to stand alone.
The common feature within each group gives an indication of the idea of pattern similarity the subjects might have. We find that group (I) is characterized by horizontal patterns (glue, Brownian dance, Brownian movement, horizontal 2, horizontal 6, point), group (2) by vertical patterns (bouncer, Brownian dance, vertical) and group (3) by extension or spread of pattern (circle, square 8, helix, square 4, star). (4) Pattern 6 (fan) does not clearly belong to any of these groups; pattern 3 (Brownian dance) is mainly a vertical pattern, but the film creates an impression of horizontal motion also. Groups (I) and (2) are actually linked whereas group (3) is separate.
One may conclude that subjects "regress" to very general spatial orientation when identifying noisy patterns. It may once again be stressed that the noisy patterns are These "confusion groups" reveal the kind of coding subjects use. Noise resistant patterns (Table V) show smaller drop in factor I1 if noise is added (Table 111) , than do vulnerable patterns.
easily discriminable by an ideal detector; since subjects fall so far behind this ideal detector, it shows that they are unable to apply Bayes' theorem in an efficient way.
Discussion of combined results
(I) Since rate of presentation was not varied in the recognition experiment, and since semantic factor I was connected with rate, this factor can be left out of further consideration.
(2) Factor I1 appeared to refer to "noisiness" of the strips. Table VI indicates which patterns are noise-resistant, and this measure should be related in some way to semantic factor 11. Specifically, noise-resistant patterns should show a smaller drop in factor I1 if noise is added, than vulnerable patterns.
This expectation is borne out, according to Figure 3 where the drop in factor I1 (Table 111 ) is plotted against the confusion value from Table VI . A simple comer test shows that the relation is significant at the I per cent. level. There is another way to show the relation between factor I1 and confusion. The mean of all its confusion values in the matrix (Table VII) is an index of the general confusability of a given stimulus. If these means (via ztransformation) are taken for the levels of matrix and plotted against the drop in factor 11, we again find a significant relationship; for noise level I the relation is as good as one might wish (Fig. 4) . ..
The conclusion, then, is that confusion between noisy patterns is mainly a matter of loss of regularity in the pattern. If patterns become undetermined, wild, asymmetrical, and unstable, they tend to be confused with other patterns of this kind.
(3) They tend to be confused, that is, according to very global spatial characteristics. Are these confusion groups related to factor I11 ? This factor was tentatively labelled gestalt or complexity factor-it did not only refer to form qualities but also to spread of the fixed position over the matrix. We see from Figure 5 that a relationship is indicated. The patterns at one extreme of factor I11 form one confusion group, those at the other end make up the two other groups. This difference is significant even for each noise level taken apart. Pattern 6 is a case by itself again.
General colzclzcsions
The general conclusion from both experiments, is that human perceivers have a very high tendency to make type I1 errors, if they have to detect a visual pattern disturbed by noise. Even a moderate amount of noise (moderate in the sense that an ideal detector could easily and nearly faultlessly make correct decision) is detrimental to the perception of temporally presented patterns. The human organism has only a very limited capacity to separate stochastic components from the fixed canvas to 203 which they are attached. A similar conclusion arises from the work by Corbin, et al. (1956 Corbin, et al. ( , 1958 on detection or convergent grouping in display of dots.
We found that confusion between patterns is mainly a matter of enhanced irregularity. Stable and even patterns are more noiseproof than irregular and undetermined patterns. Patterns which are most affected by noise in this respect tend to be the more easily confused. Patterns appear to fall into groups in that any pattern is mainly confused with alternatives belonging to the same group. These confusion groups appear to arise from very global criteria of spatial orientation.
Our experiments were exploratory. Further research should inform us about the precise nature of the perception of stochastically specified events. A primary question is whether the poor performance of the human perceiver is typical for temporally presented patterns, or whether this result also appears with patterns of simultaneous dots. The patterns having high loadings on the gestalt factor form one confusion group, This difference is significant for those with low ones make up the two other groups. each of the three noise levels taken separately. Pattern 6 is a case by itself.
Further, many kinds of successive presentations are possible. Some patterns from our study (e.g. square, circle, star, helix) are completely specified by the location only of the dots of which they are composed. One might present these dots in any order of succession without changing the pattern. A particular order here is comparable to a manner of scanning of the pattern. In other patterns, however (like dance, glue, bouncer), the nature of the pattern arises from the specific order of the positions, every different order giving a new kind of pattern. In our study no attempt was made to control this kind of variation.
